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ABSTBAtT ' 

Perceptoal units are invclved in the reading process 
in a ^rticulav eay. Beading starts vitb patterns of visual 
perception^. visual siisuli in cosbiaatics litb either previously 
learned 'inforaatiop or a strategy for selectively attending to part 
of the stiauli.. Ihether the visual pattern selected for deeper 
infom'tion processing is a letter, a spelling pattern, cr a word 
group depends not only on th« stisulat display (perceptual unit) but 
also' on the dosinant contextual sechaaiis. Besea^rch indicat(M«that 
these aechanisBS are driven by "top-do«n" hiuarchical operations on 
patterns; phonological events, and sesaati'c/syntaetic svents; the - 
sore sophisticated . learning strategies are 'used tor sore 
sophisticated tasks to keep processing, tise^ at .a sinisua. Six scdels 
of processing strategies have J>««n used, to explain^ the operations on 
perceptual units, and their iiiterchangeability suggests th4t reading 
strategies specially for word recogniticn «Bd decoding sight be 
learned in sequence and then* used fox specific -reading tasks. The eay 

.individuals lehrn io recognise the first perceptual units at the new 
processing .levels (new contextual lecbanisss) resains a difficult 

'issue thKt lias yet . to be resolved. TCi^feseion fdlcving presentation 
of the paper is included.) (BL) ^ 
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The Percepiion of Units - in Be^ihnin? Reading 



ie xnain concern 0£/.U 



TKe xnain condkrn of/. this chapter is the particular way that perceptual 
units are involved' in flie reading process. My remarks are not e^imod at 
describing a coiqplete theory" o^ reading, nor even a theory of beginning r^cad- 



Ihg. Rather I would li^e to^ treat a restricted aspect of reading which asks 
q[ue8tion& about units, tR)eir functions, their sizes, and their development 
in the experiences of the person. As it tulrns out, my remarks may provide 
xMore questions then answers; but I^would be content if, in the|^ course of this 
paper^ one or two basic issues in this area were cl;gu:ified so that a set of 
productive hypotheses could be generated for furll^r research. 

Most of the examples %#hich will be treated here are related le^s to ^ 
cooprehension than to the perceptual aspect of reading, for- example , word 
recognition and decoding, ^ich are .i|i^rtaqt issues in beginning reading. . 
However it %#ould be a bonus if some of the pt^inciples discussed at the per- 
ceptual end ^f the reading process would generally to con^rehension processes * 
deeper in the cognitive system. * 

The plam of this paper falls into three paz'ts. First I will discuss what ^ 
I consider to be the oain function of Onits for perceptual processing^n 
general and for reading in particular. This will involve a description of ^ 
a class of nodelsy^ich interrelate these units. The second part of the 
qhapter will be concerned with the question of how we manage to gtelcct the 

f 4 - ^ 

y 

partic\ilar set of units ^(^ropriate to the task at hand. Finally I will 
discuss in a general way some important fabtors wliich may influ^cc the 
learning of new units. » 
ThQ FupctioA. of UfiiXg 

fit is rare thai We..h^ar anyone talk obn^ot reading without nentibniag 
units* Certainly our conirentions of measurement require that wc agree upon 
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the definition of a unit. In mcasqring reading cpccd, we usually count words. 
Id measuring iianiediatc memory span, we tn-iy count -ifttcrs; and whch we 'nuacure 
a line of poetry we.niay count .syllables. However, -many pjiychologists consider 
words, syllables, ax\d letters* as more tluin simply objective unitfi of mcacurc- 
Aent. Bicy also regard them as conceptual representations' of perceptual events 
or 8truc£\ires (Melton & Martin, 1972) . They assune tliat the subject has a 
hatwor)^ or code representation for each oj^ the ma^y familiar patterns he has 
experdy^nced/ ranging from"*siiEf>le line-features to more compl9x patterns such 
as Ic/tters,. Words and faeces. These codes may be considered as part of long- 
terai »einory; to be more precise, as long-term perceptuet^ memory , and .it is 
these structures "which are first encountefred as information comes off the 
sensory surfaces of eye and ear. For exaaple, when we are shown a ncw/Vord, 
e.g^, the naae of s new f lover, which I will call a sidulariua , not everything 
we see as we look at it is new. The letters and probably the letter clusters 
are familiar enough so^ that we can spell the 'word ancLpronounce it. We may* 
even try to reta^ the word to other things, or rehearse it so that we can 
recall later. But before we do any of. these things, tKe wrd stimulus 

fallin g o ur* r etina h^ a lready fiiade contact with the memory of certaig - — 

'4 * 
letters and letter-clusters, and it seems as if the recognition ot Uicse 

^ , ; ' ^ ' ^ ' . 

Taniliar patterns simply happen to us. Therefore, this point of view mtro- 

fttc^es perteptual units ver/" early in the processing 5y5;tcm,.knd the outputs *^ 

fron these pcr<Scptual units arc used to process higlior order .opcfutioni;, r.iiph 

^ • . ' " * ' '. / 

as naming, r^carsal, and cdqprehcnsion. / 

*Lot us look at a schematic representation*' of porc^ptupl units /elated 

to reading based on t^o assumptions set forth in tlic XKiDcr^j^l^ and i;aMacls 

, model (1974). 
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Insert Figure 1 about here 



In Figure 1 there arc three loajor syatewc which contain ah array of ccx^cs or 
tmits> the visual perceptual system, the phonolpgicSl 'system, and the scmarvtic 
syntactic system. I will use the tei^ unit .and code interchangeably in this 
p^^. Graphe&ic infpnaation from thapWnted page enters froo the tpp^ and 
Bakes ccmtact^ith (i.e. ,| activates) the codes of the visual^ system, rcpre- 
sented by tots. Solid dots refer to codes which are well- forraed in long-term 
memory through many e>q>eriences with a particular stirou^Ius pattern such as a 
conon letter or wore). Open dots refer to codes which are unfamiliar, and 
therefore have been pnly teafwrarily fonced, for exan5)lo, a Greek letter 
a new flower name« • ^ * 

Although the visual codes are spatially ewrranged in a hierarchy in Figure 
1, there is no specific indication of how they are interrelated here, hence 
the ofaission of any lines connecting 9odes %rith each other. vFor it torns out 
that there are several alternative models (LaBerge, 1976) by %rtiich the cocles 
may be linked together* These models %w will discuss in detail later in con- 
.nection with learning new codes. But regardless of which of these models is 



assumed, outputs from many of these visual codes or units become associated 
with units in other syst,ems. For example, we learn to name letters and words; 
and may give meanings to words not only from their phonological unitc^Lut also 
directly from .their visual *uAits. 

The name and sound unit!; are represented by codes in tJic penological 
system, and hez[o we may also assume a ^hierarchical arrangement of codes as 
shown In Figure 1. For example, when a child JKiunds out a now word, •clam" , 
he may visually code **cl** and **aii'*, and. by association pro<Uicc the sounds Al/ 



and /aai^ which he then blende into a highor order sound /kl^/. With prac^ 



r 



tice he vxy learn to associate the whole word "clam" directly to the sound 

Other iissociativc^ lin>:s in Figure 1 are assumed to connect phonological 
codes to Meaning codesr '(which a child typically hau learned before he begins 
to rbad}, and to cpnnect Wsual codes directly#to ncaning codes, these Xines 
oi association are assujned to be actLvatcd b>i ,outputr> fro« unitary fodes. And 
herein lies one^ of' the^ advantages of pcrcciptual unitizing. If no unit|.2ation 
occurred before intcrsysjemic associations v:ere attcntpted, then a good deal 
of confusion wotdd accorpany an association. For exairple, assuiae th^ "cl" 
and "aa" were separately associated* directly to the word sound /kl^/. Then 
tbe child would say Als^ni^ to any word which began with "cl" 6r ended witli "am" 
Obviously', to avoid confusions ^such as this one, ciU^er the child must unitize 
the visual clusters into a visual word before learning the association, « or else 
always rely on associating spelling patterns with the appropriate syllables. 
But this approach will run into the came problem when patterns such as "th* and 
*tajgh" are encountered. TheBe- letters must be unitized into spelling patterns 
before the appropriate sounds can be associated to them yithout. confusion. 

^ p arallel li ne of reasbning is assuinod for the case in wliich sounds, are 
associated to meanings and visual units arc assoc^iated with meanings. It is ' 

dif ficxilt to imagine how intorsysteroic iir^soriationi; can effectively occur un-. 

1 ' • • 

Iqss there; are unitizations of the perceptual coder., i.c.,.lJic child nurit 

i 

unitize the pattern to ^und it or get its meaning, therefore, units can be 
regalrdtd as transformers of information; tJiey lake inform^ition from tlie sensory 
^iurfacc< directly or iiulirectly though otlier subordinate units, and put it 
into- a unitary fot*m to traiismit to other n^jrfr cognitive systems for, further 
pTQCOOsing, this tr;^nc formation is not merely a miitter of convenicMic^ , but 
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rather sonewhat of a nctessity. ^idcntally some as«>ciat:^vc transform must 
take place between JJ»e information falling on the srnnory surface and tlie 
phonological and meaning systems, because the acousLickl codes and the mean- 
ing codes 9SSl^ to this inforjnation arc almost alwuyl arbitrarily related 
to the form of the physical object. - A unit seei^s to be an appropriate form 
which perceptual information assumes in order that. arbitrary associative 
relationships can be made in an efficient and relatively unambiguous manner. 

Units also act as filters on incoming sensory information (Estes, 1974). 
If perc^tual units were omitted from the design of the human reader, then 
the myriad, details of information at the sensory surfaces would have .to be 
processed at the deeper cognitive levels.' This would reduce the efficiency 
, of processing, especially in view "of the limited capacity characteristics of 
processing to be discussed i-n more detail in the following paragraph. 

The size of the unit may vary depending upon the task demands. For 
. ordinary reading purposes, the larger the perceptual unit, the better -(Gibson 
£ Levin,, 1975) . Some stages of processing have limits dn thp nurcber of units 
• of information tStot can be processed simultaneous-ly. One 6f ^tjy*^ systems is 
inaediate memory, which is said to have an lindt of 7 +. 2 units (Miller, 

1955)or 5+1 units (Handler/ 1967). Presumably, we use this kind of memory 
to keep in mind the first part x>f « sentence while we are perceiving the lacj; ' 
part of a sentence so wc can put the whole ocntonca together, for comprchcnnior. 
Another system which has a sharply limited caj-acity is attention, whicl. m.^y 
have' a limit of only one unit t?>on wivich it can operate at 'any given moment, 
(Broadbcnt, 1958; Tfcisman, 1964; Moray, 1969) although' with rapid i;hifting, 
attention may appear to maintain scvfcral onits at a state of heightened actJ<^ 
v4tr at ono time. Given that imnediatc memory ind attention capacities arc 
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indeed so small, the skilled reader evidently procci;r;es information in -text 
as fast as he docs ^because he packs nore iTiformation into each unit'. 

As it turns out, the information — car jrying ' capacity of perceptual uniti^ 
(and meaning units as well) can l>c very large, but it costs so^iiething to the 
reader, namely a considerable amount of learning, to coiapress information 

into a unit quic'kly and reliably. Perceptu|vL learning is considered to pro- 

r 

ceed at a relatively slow rate as compared to associative learning whfch may 

often occur in an all-^r-rnone fashion fEstcs, 1970). Nevertheless, learning 

to perceive information in terns of large units is critical for fluent rpading 

an4 f or higher cognitive functions such as creative thinking. Therefore^ it 

is not surprising that reading skill ^requires- years- to become fluent. 

One of €he benefits of ^Ainltifeing perceptual patterns is that the process- 

inq xisually becomes more automatic with each exposure. This means that, less 

attention is needed to process a given unit, so that attention can be devoted^ 

to other cispects of the task at b£md such as con^rehension and coding for 

i 

re9all (LaBerge & Samuels, 1974). ~Fox> example, recognizing a new word at 
^irst takes attentional effort, but later, as it bccon^s more familiar, seems 
to be recognized with no effort; in fact,, we cannot easily, stop ourselves from 
recognizing^ it. The relationship between familiarity and automaticity has been 
studied in experiments by Shiffri^ an^^ardner (1972). iind by, LaBcrge (1973)..- 
Currently we arc exploring other ways to mtrdsure automaticity and relate it 
to measures of unitizitig during perceptual learning. 

'At this time, ve feel rplatively secure in our aGsumotion that the famil- 
iar units, or codes represented in Fi^^urc 1 are procep.sed automatically from 
information falling on the sensory surface. Therefore, when a fafciliar w^>rd 
is shown tQ a person, not only the word code, -but alno the letter coder, and 
feature codes aro activated* This result i& assumed to hold independently of 



the particular word recognition model chosen Tcf . » Figure 4). But this 
iMsdlataly presents a new |5roblea. If all the familiar codes at all levels 
are activated, how do've select a particular code or unit for ascociation 
to another cognitive . system? ^How do we insure, v;hcn wti ^re reading, that 
the highest level of perceived units is the one processed for meaning? Vfcen 
the first grade teacher holds up a card %rlth a word orTit, ho* can one^l^now 
lihether a child is attending to the letter units, or the spelling unit:s, or 
the whole word? 
Selecting Unit Levels 

The issue of choosing a ^evel of processing has been a major concexm 

in our laboratory over the petst several years. We have tested the process- 

r 

ing'bt letters and feuniliar bigram units with a task <>hich simply requires 

the person to »atch these patterns. For cxaxt^)le, the subject is shown two 

letters positioned side bj^ side, with several spaces between them, and Is 

as)ced to press a button if the two letters natch, but to withhold his rcspons 
^ .i ' 

if they do not match. Sometimes we have hint' press another button when the 
two patterns do not match, ^uCtthe data of interest are the latencies of 
correct laatching ox>eratiotis. Sometimes we use nqvcl letters as wcl^ as fiimil 
lar letters, and socaetiines novel Icftter-strings Cfi well as familiar spelling 
patterns and words. The hasic^ assumption of this method of matching is that 
we can measure the visual perception of a pattern relatively diroctly, as • 
opposed to the more indirect method of measuring time to name a pnttcrn or 
categorize it, since these latter tasks have other conit>oniMitr# which tiiko , 
processing time, namely the association between the visual code an.l tho ct>Jo 
in the other system as well as the time to process y\c code in tho othnr 
system (cf.. Figure 1). 
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Consider a stimulus display containing two biorairis (cl cl) whicli the 
8ubj€H:t is instructed to observe, if the two patterns match/ ho is tb press 
a button. According to Figure 1, the familiar letters £ and 1^ wiU be auto- 
matically activated and the fanviliar cluster unit cl^ will also be autoniati- 
cally activated,. Notice that the subject could perform t>/o task by matching 
each letter one at a time, involvincj two matching operations/ or lie could 
natch the clusters as units which involve one matcliing bperation. VAiich does 
he use? Even if/ he were sounding tlie letters and bigrams, something would 
have to deteznine which way is chosen. As it turns out, we have rxrn several < 
control conditiona which indicate that the subjects* reaction tlaes sees to be 
based on visual matching, -even though they often report that they are aware of 
naalng or pronounclDg the patterns (cf., also Baron ^ Thurston, 1973; Pollat^ek, 
et al . , 1975) . . 

Rohn Petersen and I (Petersen & LaBerge, 1975) set out to determine 
whether we could control the level of processing^bf bigraro clusters. To do 
this %#e used two Icinds of lists of items. One list contained predominantly 
fasdliar bigramft or clusters, such as si, ph, sh, and br. The other list 
contained predominantly unfamiliar^ clusters such as Is, hp, hs, and rb. Our 
Iq^thesis was that for the ^ir^t list, subjects would process the bigrams 
as units and make one matching operation, %4ierpas for the necond list,' they 
Houl^^ process the bigrams* letter-by- letter and make two matches. In thic 
way wc hoped we could exert aontrol over the unit level at which Uu> sLimulur; 
display' %Kxild be processed for a match. 

What wo needed was an indicator of the processing level uncd in' each 
list. Ve Inserted into these two kinds of lists two kinds of tes^ items: 
A familiar bigram*pair such as (cl^ cl) and an unfamiliar bigram pair such 
•s (Ic Ic). Vfo reasoned tliat, in tiie lint of unfamiliar hicir.imj there two - 
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test items should be processed similarly, tliat in, .letter-by- lettx);:. There- 
fore their latencies should not di^^^* However, in the lict of familiar 
biarams there shoulrd be a difference in the time to process these test items. 
The unfamiliar test item, should take , longer than the* familiar test item be- 

. ' • . \ ■ • ■ . " ' 

cause the subject is expecting to mat^h the cluster as a whole, but cannot 
do it quickly because the cluster is, unfaiailiar . Even if he tries to match 
it lettcr-by-letter it should probably take time to switch attention to the 
•letter level to make the natch this way. \ 

\ ' 

The results of this experiaent are shown in Figure 2, TJib ■ean latency to 
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Insert Fj.gure 2 about here 



test patterns is plotted over two blocks of trials for each type of list. 
Familiar bigra«8 are labeled Clusters and unfa«iU«r bigraw are labeled 
Letters* 'When Cluster and Letter bigrams are embedded in lists of letters, 
there was no significant difference^ in the time to match them. But when tho 
same Cluster and Letter bigrams were embed<i^d in lists of clusters, there was, 
a significant and substantial difference between them. Clearly tlic typc^of 
list context had an^f feet on the\;ay a given stimulus pattern was processed. 
Thus %^ can take as our indicator of level of procer.sing of the li^t . items 
the difference in latency between unftimiliar and f*aniliar t^t items. When 
there is no" latency difference between the types of test items ^len we infer 
that the subject is processing^ thp list of itcms 'f rora units at tlic lette r 
level; when the unfamiliar items show a longer . latency than the fnmiliAr 
l^BS, then we infer that the ^.^ubject' is proccrssing th</ list *of 'items at a 
higly^r Itvcl. ^ ^ * * 



The factj that the latency of roatchiog an unfuTniliar bigram changed with 

the type of liLst context tells us Uiat list context must liuvc beon,%exnrtipcr 
. • ^ ^ • • ' . \ • ' I • . • • J ^ . ^ 

some )cind of influence on the proccsoing of the units. Aloivj with Estcs 

(1974) we represent the influence of contextual condi^tions on perceptual pro- 

ceasing , by speclAl cont^Qxtual nodes,, as shown in Figure 3. The arrows indicate 
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that a contextual node can activate the entire set of pattern codes at, one 

-V 

level of proqeffsing. For eicanpl.e, when thp letter contextual node, is activated, 
it activates all the letter codes. This internal activation cotnbines multi- 
plicatively. (Estes, 1974) with incoming sensory information so that individual 
letters* i^pearing on the sensory, surf ace are given emphasis compared to units 
representing groups of letters; T^is results In a higher activity of r^ad6ut^ 
from the letter codes to the matching operation, so that the first match com-' 
pleted is made on the basis of letter units. Vte are not rulin?j out the possi- 
bility that readout;, f rott^ unit codes representing clusters wuld also reach the 

matching operation; but ^if they diS they would, reach it sometime' after the 

• . - * * it ^ 

letter code* readouts arrived. In this way a context node selects the level of 

processing by whic*i. a given tasfc operation is carried out. Typically solcc- 
tlon can move upwards or downwards in the"* hierarchy of proccscing levels, ^ n 
although sometimes special trainincj needed to induce a child to read out 
from lower levels^ as in segmenting words or^syllablcs irtto plioncmrip; Again,- 
it is iitportant to note that Figure 3 represent.s a ropdif ixatjion of Uio origi- 
nal LaBerge antf Samuels (1974) model Ijccausc*^ as it stoQd before, there was 
no iiech>mica ^y which a particular unit level could bo liclcctcd whtin a string 
.of lottQXS Is displayed to*Uic subject. Tho change Mvt is .iiuggontcd liero i& 



*■ . . . . 

the^addition' of context ndacs which combine, with .stimulus inputs to determine 
which level of units hasr-^ighest priority for further cognitive processing. 
If we tpntativcly accept a mechanism like the context xK>deV# wc arc 



^ imediately confronted with eipoXhor problcn^. How i^^^^^ficular content 
node itself activated? Something makes us look ^^^^HRjv^hen we proof-read 



a manuscript for spelling errors, and controls oi0^>r6cessing of words .and 

' '\ ? 

.phraMS vhen wc proof-read a manuscript for sense, for ctuaple, to determine 

Whether a sentence" has been left out. Similarly, something controls the 

child *s chodce of units when the teacher .holds up a card with the* word "pen" 
» 

and instructs t$g child (o tell what the word means, in wtiieh case he processes 
it at the word 'level» or instructs hl|^o telj. how. many letters i% cout^ios, in, 
which case he will select a 'letter unit. In all of these examples, instructions 

detc^jFrnined the unit 'level selected. ;In> the expeifiment just^ despribed, which 

i 

called for , matching units at di/Eferont levels/ tii^ u^\it level was presumably 



detei^ped by the list context: » Exactly hovr? experience with the fir^st several 
items pf a list produced an activation pf a particular cont^t code is not 
spelled out here* . \ ' ^ . 

We believe that questions eoncerned wit^h the selection of context for a 
given task require research involylng converging operations in order to pro- 
vide (Slear and fi^ answers. As a stop in this direction, we have corried ' ' 
out a series of experiments (LaBer^^ Petersen, & Hordcn,* 1976} to determine 
whether a inject ^an 1^ instructed or cued to select a visual, unit by direct"" 
methods. Using thcjsime bigram materials^ in the ex|>oritaent Ju^t dcGcrit>cd, 
we mixed the familiar and unfctmiliar digrams within the same block of trials, 
but always presented familiar bigrams in the lower part of the screen and 
ths unfamiliar bigrsms in the upper part of the screen. Before crtich, trial a ^ 
piMlm^was shown in the upper or lower iposiitic^ to tell the subject the 

^§ 

r * • ^ 

. •. ■ V.is .-. •• • . 



location and therefore, the type of digram, to expect. Wc*^c3f>od tliat this 

• • • * 

very obvious spatial cue would induce the subject to process the Itoms in " 

the uppers position letter-by- letter and the items 'in the ^OMer jx^sition ^ 

bigram-by-bigran* Usi/ng the same probe tests. as before, we found •iK>'^signifi- 

• cant differences^ in ibeari latencies between the two prc»;cfl:ation positions. 

result apparently tQlls^^:us ^at subjects could not easily /Switch levels 

vistial' processing from trial '%o trial. It also ruggcrits th^t it tnay take 

several trials to establish a stable context level. While 5iuch more reerarch 

is needed to clarify this issue, it docs appear' that even college subjects 

/ 

have difficulty in directly" shifting attention effectively and quickly to 
levels of processing of visual units. It appears tJiat we cannot easily focus 
attention on^a context in the way we can focus on a given pattern, or even on 
an operation such as adding or sxibtr acting. It seems roorc likely that a sub- 
ject can nore directly select phonological levels because one can respond by 
pronouncing a le€t^r or a -syllable. Selection of a level in the phvnological 
system laight then feed back to: the visual system and select the corresponding 
^evel of units. 

^ Thus altliough l^ere remains work to be done to solidify and extend these 
resultSr there are two conclusions from this diccussion wliich seem to roe to 
be of considerable isport in tihe understanding of the role of units in percep- 
tual processing. Firstly^ sinc^^Jthe subject has an option ac-to what unit he. 
will p^^ess when he is shown. f %^rd, some source of informdtibn other than 
the ia^Bdiato stimulus display^iiust de.terminc. the unit selected. The sccoml 
main point is th^it, a,t least fol^hc visual cyctcm^ tho selection of unit Icvc 
by direct deployment of attention to that level is not easily done by the 
averago person • ^ 



Learning New Units * r \ ^ 

The foregoing^ discussion of the function of context nodes in tJic selec- 
tion of perceptxial units suggests strongly that the context node may alf^o 
have a c'rucial-^role in the acquisition of new units. If an output ^rom the 
perceptual system to a response is presumed' to require the joint action of 
the infora^tion from the stimulus display and the activation by a context 
npdeV t|)en m cannot expect to teac^ a child 'to respond ^on the basis of a 
new unit unless he already has its context npde available and .functioning. 
For exazqple, i,f he is' sounding a word on the, basis of letter units, can 
we e^qpect him to shift to higher orthographic units unless there is control 
by the contextual node at this higher level? Thus, it ^ms quite likely 
that the formation of a context node precedes the formation of a unit at 
that level of jprocessing. 

It %«ould appear then that %#e must Address ourselves to two main questions 
concerning the learning or development of perceptual units: t'irstly, how is a 
unit formed when a contextual node is in active existence? Ttnd, secondly, how 
is a unit formed %fhen a new contcxtiSil node is not available and must be 
developed'at the same' time? 0^ the one hand. we l^arn new units i^st frequently 
at a level of processing at which we have already acquire some units, but^n 
the other hand. It follows that we must occasionally learn a unit wliich is 
the first one-nacquired at a new level of processing^ In this latter case, 

the child mu6t acquire or develop' the ajiprppriate context node before ot nt 
* • • 

the -same time the first unit at that level is formed. 

A very iiqportant issue in the perceptual learning ot a word involves the 
ttegularities or rules of comoinations of spelling patterns (Spochr 6 Smith, ^ 
1973). Per cxaii|>lc consonant cluster uniti; seldom follow each other; mtlicr 
'a vowol or vowel cluster usually intervenes. The prcucr/t diccubsuon doiSs not 
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hographic rules, 



eXuboratc the rclatiansiiips of visuiJiI .units and orthographic x'ulcs, but 
rathoi^ cohcchtrates on the ir^lications of contextual nodcG* for the pr6ct!ss- 
^ing of sinplified displays t>f v«iriouc ynili;. If thin approacJi is cucce'sr^ful ' 
in these, situaKions, then fiopefully a subsequent paper will give. more discus- 
sion to orthographic rUIc^^ , . 

Let us constdejf first how perceptual unitizing may occur at a level in 
which other tu^tshavc Already been formed. For exaniple, hoH arc letter units 
fomed by children who have already learned a few letters' of the alph^lbct? Or ^ 



consider the uaitizin^ offa new word by a child wlio already has several 
words in his v^^xal vocabulary. For these children, we assume there exist 
. context node^'for letter units and word units. Thus, all that is needed is 
to form a new )uut of the kind with which he is already somewhat familiar. 
This is the type of situation ^.in which we have !;tudied the perceptual learning 
' ' of novel letters (LaBerge, 1973) and others have studied the perceptual learn- 
ing of ncw letter strings (?.g#i Barron & Pittenger, 1974), This kind of per- 
ce^tu2tl learning has been conceived as having three stages (LaBerge, 197G), 

naaely feature^discf^very, unit formation, and automatic unitization, ^or 

- . *t . • 

exaaple, in the perceptual learning of artificial letters, the subject must * 
tliBt discover the distinctive features, much in the way E. J. Gibson's 
• ' ' notions of distinctive-feature pick-up takes place in perceptual learning 

(Gibso#^ 1969). However^ since the typical subject \uxii already 'Encountered 
. "taany letters, he illll find that selection of a single feature will iiot suffice 
to distinguish me new letter from tlic others he has learned. For cx.unplo, 
ftuppo$e the new letter ^yitains two lines which cross. Taken alone, this 
feature will lead to a copfusibn of the lower casc^ letters t and f if the. 

I 

crossing lines arc horizontal and vertical. Seldom does one feature cUi;tin- 
' 9ui%h Ofic letter from all the rest of the Ictterii Whic^ the f^^rson Ir. called 
upon to distinguish. " ' 
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Thl^ {act forces the Icarnor to observe more than one feature in order 

# '* 

to discriminate patt<?rns from each other. Wlicn patterns are presented nide<- ' 
by-side 'in a saAie-dif fercnt task, the subject can scan each contrai^tipg 
feliture itidependently,' especially when the two patterns are jx3^itioncd cloSe 
to eaxi^ <tther to facilitate scanning back and forth. But if he is presented 
one pattern^at^a time for identificatiort, then the subject is required to 
lekrn the cogfcination ' infbrroation of the two features^ When we learn to iden- - 
tify letters by naae we Jiave to note the particialar combinations of featxires 
by which 'eattLjetter la. uniquely identifiable. This stage of perceptual* 
learning^ therefore, requires that information in the distinctive features 
be corf>ined. Vte conside^ this to be. a second stage of i>crceptual learning 
in which a letter unit or code is formed. 

We may ..consider the perceptual learning of a word 'in a parallpl manner. 
For the four words at, i_t, ah', ahd in/ the task of^merely discriminating pai^s 
of t^ese words can be carrj^ed out by scanning the first and second Tetter , 
positions. For example, if a subject is given the p^r (at an) to distinguish/ 
he looks at the first letter position and finds a match, theh he scans the 
second letter position and finds a mismatchj^ and then he responds indicating 
that the two patterns arc different. But if he ia^ required to identify (e.g., 
by four- different responses) each of these words in isolation, he may scan 
eadi .letter position, but now he must remember the first letter when he hoticos 
the second letter. ^t is the cbobin^ition of tJie two lettcta %Aich detcr^^nes 
the response he %rill make. The perception of this combination information we 
ass»e to be the second s£age of perceptual learning. 



i Mow sxactly how the qpobinatibn information i& jprocessed is currjL*htly a 



very active controversy in perception. Perhaps the mast wcll-kno%m ^onn of 



the question asks what information in ^ string of letters produces wrd " 
♦ 
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recognition. Ttio vast array .of ' cxporinients on the word advantage effect • • 
centers on this isauc, since it asks how a letter in core easily de?tccj:ed 
yben it is embedded in a word than in a non^word (e.g*^- Reichcr,^ 3 969; Lstcs, 
1975). For a wofd, tlje particular conibinati-on {including order) of letters, 
has been learned, but for q non-word, the con4>inatiT)n information has not 
been learned, especially if it is,a, non^pronoiariceablc rion-vord. pius we 
consider this problem as falling under Stage II^pcrccj^>tuar learning*. It is 
clearly not a Stage I problem, *since» subjects have no difficulty discriraina- 
ting a novel string of letters frc«a other strings of letters. 

HhB relationship of a word unit to its constituent letters peg?]^ps can 
be clajyified in tei^ms of the network moacls sho*^ in Figure 4. li is hoped 

Insert Figure 4 about here 



that this Jcind of classification of coding eodels will help to set priorities 
In research to determine what it* is ^n graphciaic stimuli that activates a 
word unit. , ' • 

f ■ ■ • 

The Pure Hierarchy model assumes that letter co^Je outputs converge^ to . 
activate a word code, that is, k word .is recognrzed by putputs from its con- 
stituent letter units. Of course^ a word code ^ activated by spelling 
patterns as well as by J.ndividual letters. * However, /or convenience in 
exposition of the six rodels, wc have oDittcd the clu:.t< r level of uni^ 
whi^ we had included in Figure 1. To rcj>rr:.cnt the punr.i-hicrarchy noiel 
of i[ord recognition, we add inputs to the word code from word feviturrc;, such 
as %#ord length, contour and internal relatione. This model assuocr. then, 
that a word is recxxjni^d on the basis of cpinponent .jVttors togeMu r witJi 

«... . s 

feattttes unique to the word pattern. 
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The Two- level nodets assume that a word code ic activated from the 

feature level Only, so that t)ie .processing of a letter unit is not a neces- 

sary prior condition to the recognition of a word. Olic Tyo- level models 

differ^ with respect to the source of the features. In the l*wo-level Model A, 
• . ^ 

eoae of ^ the inputs to a vpord code cooe from features that also activate 
letteys > In Two- level Hodel B, the word code* is activated only by its own 
dis^inc^tive features, such as' length , contour, and internal relations. In 
^wo-level Model C, the inputs to a vord code coroA^nly from features which 
also activate letter codes. 

Vhe five DOdels just described assume that a word unit is activated by 
outputs fron either letter codes or feature detectors, and that usually at • 
least two. of tshese inputs are required to produce the word code. I^e One- 
level podelt on the other hand, assumes that each unit extracts .its * infer- 
■atioo directly frcn the sensory surface, without intormediating codes .y/ In 
tfa^is way there^ is no fusion of two or more inputs, but rather a direct rela- 
tion between the stimulus information and the unit. >i 

* It yA'i^'be noted that the OAe- and Two-level models do not have the 

* ' • . * ' 

hierarchical prop<^rty vrhereby the codes of one level feed into the codes of 

the nex^ level. The arrangement of units in these rodels ^e stratified in 

Figure 4 onlj to reflect the objective hicfrarchical ordering erf features, 

letters, and words. «I would lihe to poin£ out again that the inclusion of 

the* spelling-pattern leyffil wljich is critical for tJw! ftmctioning of ortiio- 

graphic relationships is not exxx?ctcd t^ i«lter the main contrasts being drawn 

Mong these six models. If the spelling pattern units were added to Figure 4, 

the additional crossings of lines would produce a rather noisy array which 

%iould tend to obscure the 4ain differences among the models. 
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Perhaps we can suLarizc tl»e laaln principles of tlicsc models by borrow- 

in^ on variations of ail old Gcstalt principle. For Uic Pure Hierarchy IJodcl, 

vthe word is the su» of its* letter parta/ For the ^Ji'^^i-hicrorchy Model. t».c . 

'word is .ore than the sjum of its* letter parts. For the 'Ont- and 1>-o- level 

■ciiels, the word Ls different than' the sura of its letter paoFs. 

' • . • • . 

Thus, there appear to-be at least six , different ways that a word code 

■ight be activated once the.stiiriulus information falls on the sensory surface. 

tie are not suggesting that only one model is true f o*r all^ cases . It may be 

that we shift .from one processing model Wnother under different reading 

demands; and it 'may well turn^t that, fj? tKc course of learning to road, a 

«Aild -shifts from one sUatcgy to another strategy. as the predominant way of 

proc^sing a word. ^ ^ . 

If we assuite a Pure Hierarchy of Quasi-hierarchy Kodel. then- one inter- 
pretation of -unitizing is that a word is fused from component letter units 
or 80« feature units that are unique to the word. Put if we assume the Two-- 

♦ 

level B Model; then it might be said that the word unit is fiused from its 
'own unique set of features. In this case Stage II perceptual learning is not 
based on previously formed units, but rather on a rer,election of features. 
SQCh as particular internal relations in a word. This process may be con- 
sidered quit«*clo8e to the process of Stage I perceptual learning, since it 
involves discovery of the appropriate features. However, i^ diCfcrs in at 
least three' respects fro. tlie search for distinctive features. Fii-stly. the 
pi^zposc here isv/not usually tJiat of discriminating *t wo patterns from eac-h 
Other, since this can already be easily done on U,e Ixisis of the known Icttor 
.Wilts, secondly, the word fcaturci' are likely to bd relational features that 
"arc not polnt-to-ablo'^n the cctise Uiat letters c^.i. be singled out. This 
iaplies the. third difference, namely tliat the rcsulcction is n^liXeiy to 
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Involve a search by re-oricntation of .the eyes to oth^>r locations wiUdn the 

wrd -pattern; but toast, in some sense, be tfuidod to a new relational feature 
% * 

based on the raw information already c;xisting in the print of tha letters. 
After all^ if the ink marks were removed the word could not be' {>erceiv6dr 
Therefore there is something about the narks on the page which gives rise to 
woxfd perception as well as^. letter perception. 

Regardless of whether Stage II unit learning is regarded as a fusion of 
letters^or features, or as a direct extraction process r or some other process 
it %#Ould seen that ^here jaust be a shift in .the context node fro* activating 
units at the letter level to activating units at the word Icvpl. 

Once the subject perceives the word as a unit, further exposures- are 
needed. to con^lidate the unit so that eventually the unit can be activated 
without attention to fusion and/or rese lection of features. In this Way 
perception becooies aiitomatic. If Stage II unit learning for words proceeds 
by fusion of letter code outputs, then in Stage III the fusion occurs without 
the attenti(^nal scanning of the letters. , If Stage II occvfrs by an extraction 
of relational features, th^n' during Stage III the deployment ^f attention to 
this* process becomes less and less, v v 

Hov we turn to the more difficult issue of learning the fir&t unit at a . 
new level of processing. I hope the reader will keep in mind that my comraerit: 
in this section of the paper are speculative. Havcvcr, it is in view of the 
practical iiiportance of initial unit learning that I stray furUic^ from sup- 
porting data.^ Hopefully, the ensuing renvirks will jitimulatc *£,onie* product ivo 
tests of these notions. * ^ 

The situation of learning a new type oh unit ii; much l^kc tJiat confront- 
ing a ^ild iAk> has no trouble identifying or naming letters of thcalphabet , 
but no%r must perroiVo a cluster of letters, e.g. Uvc bigram ''ch* or "cli* oikI 
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notice the regularities of tlicir conibin«itions which is involved in what some 
aean by learning orthographic "rules".. These letter clusters must bcpcr- 
celved as units to Associate eff^^^vcly ^ unitary phonological rciiponsc to 
them. Siaiilarly after phonici training with'parts of words, the child inui;t 
, learn to blend the parts into a word. Ttiis may involvq shifting context 
levels in phonological system. ' l^istcning to ^ child trying to blend a word 
for the first ti«e can be Very instructive ."^ For c}cajtf)ler in^blending' the two 
80UXV3 patterns "ch" ana "jitf* into /ca:t/ the child's pause between /c/ and /ast/ 
indicates quite directly that he is processing those as separ^e^nits. Later, 
afte^ "something clicks in his head", he pronoundcs the wofd "chat" in a quick, - 
unlntem:pted manner, which seems to the observer to indicate that he has pro-* 
cessed the word at the phonological level holistically. We can be even more 
ooYivinced of this unitization if he recognizes the meaning of the word at the 
tine that he successfully seems to blend it. The point is that once the child 
bis learned to blend successfully once or twice, the blending of new cases seems 
to proceed faster. Similarly, when the child learns to identify one" ^r two 
/ bigraas as units, he 8eei|^ to.pick up new bigrams and even trigrams, etc., quite 
quickly. The problem appears to be located at the ^int of getting the child 
, to identify a bigran as a unjjt or blend parts of 'a word for the first time. We , 

often say that he heis to "learn the -skill" of blending or unitizing; this is 
perhaps not unlike the learftin^to-learti phonontiinon described by Harlow* (1949) . 
X In terns of the present model, \te say that vrhcn br con activate the npproprjatp 

oontex^ node to perform the appropriate unitizing, he has learned an "acq\ii5;i- 
tion ckill". By means of this skill lie goes^<pM|<^o acquire now units at that 
level. i ^ . 

MoW soae Might rcctark that the appropriate context iiodctf of letter groups 
and wholo<-«&rd sounds arc Available .and^ actively used by the child at the tibo 
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he first learns to blend and unitize letter str4p)tjs. ills "daily converi-.itipn 
e«ploys spoken vwrds/ and' hc"^ can almost always recognise- hir. owa written nainev 
and usually a few comnon written v»rds. Doesn't qiis mcon that he already * 
has an active nodte for these. particular perccpt,ual units and therefore for 
•all other unit-s at these levels? I would venturb to guess thiU: the child does 
not necessarily have the appropriate context nodes j:or other uniVs because the 
context is not the same. c!bnsider liow the child re'cogniV.e'3 his Written name ' 
among other names presented to. hira. Suppose John E. is written above afcoat 
hanger in the Kindergarten classroom. John's task is to discriminate the 
visual pattern of the written name from other naines he sees. In a typical 
group of 20 or 30 children in his class, there -is not likely-to be anotheif 
liritten naa^' very siiiilar to his. If there is a John ^. or a Joan E. he might 
show so^ confusion^ and a» teacher often fVresifes this problem and places the 
• labels it different 'spatial locations so that the child can use spatial cues " 
tor help him discrijainate the naines. If pressed, I wpuld suggest that the con- 
text node involved here is, at the feature level. Thus generally, the young 
diild can identify his o*fn written name on the basis of a few features that 
are quite different from the information he must learn to pick up when he 
identifies the vast range of words- in his visual vocabularly two or three years 
later. 

* * • * . 

, ' The parallel argument for phonological units is more difficult and ad- 

■ittcdly somewhat tentative at this time. But I would ask you to con;;i<lor 

that before a child learns to read, ho does not sogroc>nt spoke^^words very 

often. A sentence i^ heard as a continuous stream of sounds, and boundaries 

are often not at all distinctive to a child until after ho has learned* to 

»xe^. «iercfore, the way h<9 hears and utrters words in normal 8(>cech prob.ibly 

involves alte<jcthor different contextual controls than those appropriate to 
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^ the sounding of words in isolation. Although one h;is scbn and hctird hi*: own 

• name many times before he begins to read, he may eventually come' to \\C^x and 
see the name differently after he has learhed to read. V/lien I say **sec and 
hear differently?, I mean that a different context node is involved, and this 
implies that he must be able to pick stimulus information from tJie saioc 
words differently. 

Let US' return to the case in which the child has learned to identify 
' individual letters and now is called upon by task requirements to process 
striiigs of letters as units, e.g., bigrams or short words. His training with 
letters h£is sensitized him to the locations within a word which carry the 
information %^ch distingixishes one word from another. For example, there 
are many %iords in our language which differ by only one letter. A child v;ho 
has focused attention on letter units must now free himself from this narrow 
range of information and take in n^ information v;ho5e source is no longer 
» individual letters, but rather is in the combination information in the Jitring 
df letters. As we have jointed out before, there arc several viewpoints as to 
how the information in a string of letters gives rise to a new unit , represent- 
ing a spelling pattern or a word. Regardless of the view adopted, the vrord 
unit is assumed to be. controlled by an aK>ropria£e contextual node. And this 

node »ust either be present genetically through raturational readiness or 

• * 

somehow Acquired by appropriate cxpc):iences. If it is «ivailab]o, then the 

diild learns thSe' new unit and m6vQs rapidly ahead. If it is not ^Vwiilablct, 

' ' * . 

we either wMt until it matures or we try to induce the context by i!u;truc- 
tion^ means* 

ilow# although scientists prefer tp fontrol tlic events ^in their domains 
M opposed to waiting for them to hnppen, and although our practical educa- 
tional ^jcctivos, also, press us to control beneficially the learninq'of a 
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student, it may turn out that the development of a' contextual mechanisra is ' 
• not- subject to direct control and therefore may he resistant to efforts to 
••teach* it. Recall the experiments just described in v^iich we tried to cue 
the level at wHich a subject would match, pairs of higrams. The result:; indi- 
cated that stibjects apparently do not directly activate lexrels of pjfcccssirig; 
iiBplying that the context nodes may be so remote f ro« .attentional control* 

that efforts to teach a subject to use them, whea they have never before used 

• « » * 

thcto, may be entirely fruitless. It se^ms to me that the notion of readiness 
captxires the flavor of this problem. If we' have to wait for ^- child .to become 
ready ^to learn a skill, Ujis implies that the basic processing mechanisms are 
not receptive to our attempts tct control them. This does rtot mean that some 
skills already in the child's repertoire could not substitute for the one in 
question.' A dhild who does not perceive the bigraw "si** as a visual unit may 
stay at the visual letter level euid coirbine, them phonologicalLy by sounding 
letters one after another. On a BOre general level, a reader may conpcnsatc 
for an inability to perceive many whole word units by sounding out syllables. 

If control of visual unit levels is not easily acconyplishs?d directjtyi 
then perhaps other routes to the activation and selection of visual unit^ard 
possible. In the ejqperimental example described, in which the familiarity of 
a list of bigrams apparently detcnnined the level of proci^ssing, tlicrc roust 
have been sooe pathway by which the visual nodes were selectively acti\^atofl. 
Our best fOMS is that the operation of astchlng the patterns produced a feed-* 
back to that level of units which yielded the faster latency of aatching. 
The ultiBiate control of level of units in this case was the environment, since 
it was th6 type of di^lay which determined the context. Similarly, w often 
find that a chi^d can ••get into the swing- of i>orforming a new skill umlor the* 
strong control qt classroom stinulationi but when faced with the Game tatik 



alone, caftnot perform the new skUl. What seems deVcablo is to provWc the 
diild with a means of controlling hi^ qwn level of perception rather than' 
leaving it :to thp' preceding sequence of stimul?atioh; - : ^ 

One promisiogldirection lot providing internal control of viiiual pro- 
cessing levels looks to the phonological system, in which coxvtrol is tH>icaaiy 

^* r ^ * ^ ' ^ " " ^' 

exerted by speech.- Adults find it relatively 'easy to listen either to whole^ 
^xAp or the last rhyioing isyliable, of the %ouhd of the first phoneme. This 
may be .done quickly because the person can sound tficse units to himself. ' In 
this way he selects a level, of processing. Now if he has already le^irned 
sound-to-sight associations, i .e. , he can categorize sounds as words, cluators 
or letters, then he caif control the level of visual processing by at't^i^tiooal 
activation of appropriate sound units. According to this line of reasoning, 
phorti<?s skills may be critical fojj^ control of visual processing levels. Child- 
ren who^have not learned to segment phonemes within a word and. learn the 
relations between . sound levels and si^t levels should therefore have consider- 
able 4if f iculty ,in selecting the appropriate visi^l units in the grnphemic f 
displays presented tb him. Thus, the acquisition' of new visual units, especi- 
ally at a new level, regarded here not as a simple selection and/or fusion 
of sensory inputs from tiie bottbm-up. . Because of the important interactive 
role o'f the contextual nodes *with incoming stimulation, perception and acqui- 
sition of new units requires that appropria^te activation of contextual nodes 
be controlled. The major direction of this control Is ascumt'cl to come from 
higher cognitive syntems.' Therefore the acquisition of new unit is regarded 
here as based b6th on scnso^. information and contextual mechanisms wliich. are 
largely under the control of higher cognitive sy^jto/tu;. 

It may be the case that fast learners differ from slow learners bocauso 
of a difference in tlio availablUty of contextual mechanisms. We have 9lre(idy 



seen 4ivi,dence that slow and^fast learners apparently (ft not differ with ' " 
respect to spo<?a of forming aaaociations (/.oaraan 'uousc, 190*3; .Entcs, 1-970), 
-l?H.t .rather with respect to perceptual learning. Specifically, lower mental 
age SMbjects require aoye time to discover the appropriate perceptual feature 
or dlMnsifos of the percelptual pattern* In ^taak. Similarly, one aiglit 
ejcpect to find^^dlfferences in learning rates «t other stages c% perceptual 
learning, such as coding new, units. Perhaps one of the ,iK>st dramatic cflffer- 
ences between Individuals aay be in teriM of the spee4 at which they grasp new. 
unit levels. Seme children apve fro« letters t« higher orthographic units to 
whole phrases so xapidl^ tlwt it is difficult Bofsetiaes to believe t^ha't £pr 
(hese children there are separable subskllls at all. But far others, the * 
contextual levels aay becoM available relativelj^^^sloyly and we are then 
painfully aware-'of a i»articular level be^adse for a tirc the child cannot 
■ove from that level to the next. ^ . 

I have be^n talking about the learning of units in the same way that 
some researc|p^s refer to the learning of skills. In view of the similarity 
of our confceptualizations Cf skill learning and unit learning we should not 
be surprised if we find that they share common questions. For exaiii)le, it is 
reabonable to assume that a global skill such as reading can be appropriately 
segmented into subskills for the pruposc of effective inr.truction. If so, 
does the most^effective way jto teach thcsd skills proceed from the l>pttom-up, 
that is, beginning with smaller units and procecdincr to fbe laraor unit';? If 

J' 
- . unt of liiTC on some p.ijrticulnr siib:,ki^, 

how do .we motivate ttio child appropriately? For exan^jlc, if the motivation 
for reading is to conprclxind written language, how do wo most cffeptively 
•ring' this motivation down to ^ subskill learning at the level of ortho- 
graphic units? 
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Let us ask to what extent unitizing skills arc teachable. I believe, 
that instruction, whether by a teadier or by a bo«k, exercises control over 
the perception of the student most effectively by preiientincj material tliat 
is point-to- able. - H^e- teacher can make sure that tbe stuc3'jnt picks up the 
critical information when he says "consider this* * or "look at that", whether 
it* is a feature of 'an aitplane/ a note of music, a sentence, or a mathcmati- 
cal e35>ression./ When a point-to-able item is^ the critical feature, then 
learning apparently proceeds quickly, because the "pointing" function of the. 
teacher controls the attentipnal focusing of the student. But, when the 
Mature is not so easily pointed out, then attentional focusing of the 
8tiident' is not directly controlled by the teacher, and there will be uncer- 
tainty* about the material the teacher intends him to perceive.' Many rela- 
tional features ^re. of this type. For example, when two pitches are presented 
8imlt^^usly, it i^ not clear' that the student perceives the two individual 
not^s or the particular* musical interval. Similarly when the teacher points 

s r 

to the word "man", it is not clear th^ the student perceives the visual ^ 
relations within the %#ord. Cqtapare the wor^i "man" and "mat". One is tenpted 
to say that the difference is perceived in terms of the' different terminal 
letter' unit because we can point to the terminal Ittters £ and ^. But it is 
■ore likely that t)M reader is perceiving the whole mrd, and the first tm 
letters* and the last letter are interrelated. 4<Xf ^o|e a teac^her 

^effectively point to such « relatioh? Indeed, it in far inore convenient to 
point to the letter than to a relation. And this may mean that%it ic very 
difficult to^point the way^'to new levels of perceiving^ especially when they 
involve relational Matures such es this example represents. 

However/ once a level has been brought under the control of a contextual 
Mchanimi then the teacher may have several means of promoting the acquisition 
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of units. Two of those metliods have already been described. Ilie first w^iy 
uses uni^ %^ich arc already at the hew level to induce the context by pro? 
senting theni^^is^a series of examples before presenting the new unit. For 
exaiople, if the bigram "dr" is to bo le'arned as a unit, it can bcf presented 
following •'si", "fl", and "gr", which we shall assujoe are already familiar 
units at thatrlevel. The second way of pronoting unitizing vou^d unc sound- 
to-sigt^t relations to induce the appropriate vinual level • For cxainplc, ^ . 
sounding the series of visually presented words, ••mink", "sink"^ and "pink" 
^md 'tt^iT^ drink" nay promote perceiving "dr" as oi\p vi^^sual unit, if the child 
^ alrea^ can segment the initial ]^K>neine and the initial letter in the first 
three words. * ^ 

If, Ipwever, tyi^^^child has not visually unitized a bigram prior to "dr". 
nor has learned to visually segment the first letter or letters of a word and 
associate sounds to these visual units, then teaching tho child to unitize "dr" 
visually will be more difficult. If the teacher points to "dr", the cliild is ^ 



likely to perceive two leftters. If the teacher pronounces it, "dmh", the 
child may not isolate the initial pbonew from the neutral syllable 'Sfh** but , 
woie importantly, he may be hearing the two phonemes "d" and "r" separately. 
If he hears two sounds, tlAji he may look for two symbols, and, although this 
may be desirable in soo^e tasks, it is not desirable here for the purpoi;e of 
promoting visual unitization. 

^ While the foregoing exanplcs are quite rougl^ nttrmpts to illustrate ways 

that unitizing might be tau'jht, it is hoped that they do provide a contract 
between teaching a new unit when the '^^jppropriatc contextual contiol of a level 
is available and when it is not available. 

\ It is obvious that considerable resea^-ch is needed to fill in the gaps 

in tho contextual control modification!; of the LsBurge-Samucls model (1974^. 
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It i» difficult to formulate optimal algorithms for ace|uiriirig units when 

- - • * 
there is considerable uncertainty as to how a word code is activato<l. Figure 

4 shciws six different models, and there ^rc undoubtedly others. C^ite proba- 

bly the 'apquisition of word codes proceeds by stages which may be arrnmjej^ 

hieratchicaXly. Initially, the child may recognije a word in terms of letters 

and spelling patterns, and only later as a single unit. But if the learning 

sequence does proceed hierarchically, this^doei; not necessarily ii^ly Uiat 

when the word is final ly^recogni zed as a unit that it is processed hicrarch- 

icalV' i*e., frcn output from letter and spelling pattern codes. Fluent 

readers^ in fact, probably leAm new words directly as single units without 

going throu^ letter and gelling pattern stages, owima to use of contextual 

nodes of a^high order. Before we can begin to probe these questions we need 

to ha:ve reliable indicators of the level at which a word ^is processed in any 

given instance. Figure i illustrates one way this might be done, but the test 



has drsi^cks in terms of esse of admin Is trst ion. 

AnothaV difficulty standing in the way of prescribing ideal conditions 
for aoqulriJig unlets is the lack of detailed knowledge of the way contextual 



information Interacts with sensory input. Furt^rmore, as mentioned before, 

it is pot dssr hov v^^us'l contatual nodes sre sctivated by the phonologlcsl ^ 

* • * 

•yatsm and .perhaps the sTntsctic-scmsntic systems. ^ 

it we were to ^oopa^e the importance of learning a unit at a new level 

with Xcarning a unit at a^amiliar level at which other units of the i.uiiie 

type bdve already, been acquired/ tjioro would be no question tJint thV acciKa- . 

pllshik^nt of the first case is the more momentous educational event. A con- 

textual jtiB|> presents a new class of units within thc^rdsp of the, child; 

and wm.often^fer to these moments, as times %#hcn the child has "made a leap*, 

or is ^ovor the husp*^. When he has learned to use a new contextual nodr, he 
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has in irffcct learned an ^acquisition skill", by which a host of new uni-ta x 
at that level can be acquired. Itvmay turn dut that contextual jump^are 
events which we cannot directly point out for the child, but rathcjr raust 
hfppan to hiB, and. all *we can do is provide the best condi^ons under which 
these happening^ can occur. Defining what those conditionsiare may be a 
fruitful direction of .research in our efforts t(^ "understand the role of per- 
oeption in. the. very con^Jlex skill we jail, reading. • 

In summary, the process of reading begins with the perception of visual' 
patterns. Wiether the unit of the pattern selected for" deeper processing is 
a Iptteif', a spelUng pattern, a word, or a word-group depends upon an intc'r- 
afctijgi beti^n the stimulus display and the dominant contextual nechanisra. 
These mechanisms are presiaaably driven by "top^wn"' connections from opera- 
Uons on patteriis (e.g. matching) , phonological cvents,^d semantic-syntactic 
events. Details 6f the influence of higher-order cognitive systems upon out- 
put selection from the visual system remain to be worked out. Meanv*iile, there 
■»y be value in speculating "how the development 6f a given contextual n^chaniso 
could affect the sjcSoed of acquisition of a new ynit. 
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Figure Captions 



Figure !• Representation of units in the- visual, phonological, cind 
seMntic^syntactic systems. Solid dots rcprt-sent, familiar mcnory codos 
i^i<^ Can be activated automatically from the sensory surface. Open dots 
r^rescnt unfaidliar codes which require additional activation by attention, 
UneB connectiDg\oode8 represent inter-^ystcm associations. 

Figure 2. Mean latency and percent errors of matching responses for 
faailiar digram (Clusters) aiid unfamiliar digram (Letters) test items for 
^tvo types of list contexts. 

Figure 3* Representatic^ of units in the visual system for three ^ 
levels of processing. .Contextual nodes activate all units at the indicate^ 
processing level. ^ 

Figure 4. Six coding models f6r word recognition, polid dots reprc- 
sep^ faailiar aeaiory ^x>des at three levels of processing (Spelling pattern 
codes are cadtted t^re ~ convenience of illustration) . Context nodes 
activate all units at the indicated level of processing. 
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OPEN DISCUSSION OF UBESGE PRESENTATION 



6RBGG: Hby does perceptual learolng take longer than associative leanpiog? bhy 
do you mnt so many stages of .perceptual learning, and all of those questi,ons7 

LaBESdS: iaaoclatlTe learning is all-or-none antK fastT Perceptual learning 
inrolTes diacov^ery of features and unitizing, vhich is relatively such slower. 

^ It ' ' ^ 

If jrou try to learn four naaes to those four things (indicating), you . will find 
that the problea is not so auch in assigning a najie to four objects, it is £n 
identifying uniquely those foiu* objects. The difficult problea in the letter 
sequence BOPQ \ja not association of B to that pattern and D to that pattern and P 
to that pattern and Q to that pattern. The problea is gating yourself straight 
on the relafnpda aaong tt^ futures, and that takes a long tiae. 



GRBGG: kx\ you sayir^ that once faaildar objects can be recognized, then you can 
use ^ thaa /to fom the next level of association? It seeas to ae that your six 



aodelf ot word redcnltloo are at different levels. 



LaqgTOE: Possibly, i^es., 

/ 



^ * 

CKEGG: I thinta^that you got it backwards, Dave. Tou don't decide what the unit 
is flrit, you learn what the patterns are froa the redundancfea of the lai«uage, 
fnoa ^ exparlmce, froa the extent to which the teacher is able to^ control 
a%|pitloo to. larger and larger parts of the word . 



LaKMU: Taa. I certainly m not saying that the only way to learn is frost the 
bottos 19. I M just saying that If you are putting anything throi«h the lystea. 
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tteae sodals abov six vays that iX can go through the systea. . The features of a 

pattern have to be activated before the person can see aoythiog f^rtber• I as 

suggeatlttg tbla mmp^ out altematlYes. , * 

* 

P«*faapa I M not really proridiog a specific answer to your questicm; vhat' 
I doing tB trjlng to clarify what r^coosider a very auggy situation iji our 



diacuaaioos; nnely» as was brought out before: "Let*s set out what the 
alternatlTe aodels are, and let*s do soae experlJMnts to decide aaong tbea«" 

A student of mixim has a dissertation thai has tested these six aodelSt and 
sarprislqgly^ooaes oui\ery clearly and stnmgly for one of thq^. 

kALLACH: lo doytot there are readiness processes^ but don^t you think that 
readiness procaases should be a hypothesis of last-presort, adopted only if one 
has really tried ererythli^ one can think of instructional ly, and has to adalt 
r«Uur«? ' . , 



■4 



Lafl^KS: Tea. . I should like to aalce aure that I didn't give the iapresaira that 
we bad final erideoce to show that we have, once and for all, deterained %diat we' 
oan do in oootrolliog the child's learning, with respect to these levels of 
prooaaaii«. I 'don't want to say that at all.\ I Just want to say I have 
experiSMnts which i|&licate that for college students it is very difficult to get 
at the levels of processing, and probably soaething that looks like readiMss is 
taklag place. And being an ezpariae<(tal psyc^logist, 1 want to have as auch^ 
under ay oontrol as I oan,^ ai>d aa teachera you want to have as auch as you can, 
*ao I aa oartainly on the saae aide as you are. 

HALLACH: I just wMt to point W there >s a baol«round iasue that lurka here, 

.... ' ^45 
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that' has to do with the W>clal context. And readiness can be a code word for 
"Halt UDtil the child can do it, and lo and behold aiddle claas children can do 
it aoooer** Amf that baa implications. 

LpafiBBGE: lea. Of courae, in the wrong eara, and the unexperienced eara, that 
atateseht could be uaed counterproductively. That ia certainly very clear., I 
don*t want to aay, "Leave the kid alone, and he will read." 




fICC: Another w^y of bridging ^what looks like an argiaient is to recognize 
even though the^child to do the induction and sake the leap, there ^re 
different way^i of organizing stiauliT^ganizations that make that leap more 



llkeljr, and other waya to make it leas likely. 



LafiERGE: Exactly. 



RESMICC: I think that* a what the instruetiohal level haa to be about, . and that 
was explored only on the aurftce. 

LaBBKGE: Comaider an experiment by Art Boneti, Samuels* student, whi^h 1 think 
ia ralatmd to tblm queation. He overtrained ch^dren with letter recognition and 
letter naming, and found that it interfered .with the children* a moving up to the^ 
n«xt lerel. They Juat almpljr atiick at that level too long. If you train youT^. 
children to be very conacientioua, and above all avoid any errora, they will 
oevar riak taking a leap to a larger unit. And if they don*t ever take that 
risk, thay aimpiy will* oevar go above ao^e^rticular level, at leaat not for a 
long, lomg time. , Tbia ia ona coodition which would work againat encouragii« a 
ofailtf to go up to a higher level. I dQn*t think there ia any difference ^n ^ 
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oplnlooa here; but 1 tblnk there msf bt a differeoce In the way y&u feel I 
should aUte thli«8. la that it? ^ * 



HALLACB: 1 think there aay be a difference in how such one triea to do different 

N 

kinds of things. / • 



LaBEB^: 1 think it is Important to deteraine this vith scm rather clearly 
^tioulated apdels* 1 as not saying these aodels are really * clear and 
beautifully teatable.. But ! believe that this ia at lcHi»t a ste^ in that 



direction, and that you get so«e clarificatioh of ubat you are talkii« about* 
Then^u can ansver questions like this one, and then perhaps find the klnte of 
reaearcbt: aethodology ^ich vill determine a real breakthroi||bt whe^we ^ould 



actually oontrol soMthing like^this. 

TRABASSO: I have the iMpression that you are focusii^ by^and large on a visual 

• . ^ • 

proceasing aodel. ^ 
lafiBBOE: Tea. 

TBllUkSSO; 1 aa wondering, aince we are talking about early reading to what 
ntmit you want to te'ing in auditory codes, and the role of the auditory systea? 
It seeas to m that t|iere are aoae correapondences in the. auditory codes iibich 
relate to tb^levela. For exaaple, words are large units, and are difficul/'td 
deooapoae into aaaller unite. One night be able to decoApoae thea into, say, 
ayliablea and deocapoae thea into pboneaes^. And so there is_aoae correspondence 
ia the aud^ftM-y ays tea to wh^ ypu are re^eaentipg^ in tl^vSual systea. Okay? 

o -. ■ ■ ^ . " 

* 



LaBBGB: Tm. 

* * 

THlBiSSO: The quefftion is lAen docs, unUization t^s place. It sight be that 
the auditory code operates and is oot necessarily reducible to lo*#er- level codes, 
^„^,^tQBla«aettefy. visual codes. Okay? 

LaBBRGB: Sure. ^ 

TRABASSO: My question is r If lyou are going ^^fco— extend this * aodel to. early 
reading, howwoui^you bring in tbe auditory systea? 



LaBBRCE: 1 would be teapted to do tbe following: Becai^se you can ^jrwjowice the 

phonological imits, you have morf attent^<»al control over what level you »wW 

with. I can pronounce letters and I can prcmounce these clusters. But I could 

draw these things vlkually as clusters, or draw tbea as letters, but that isn't 

fiTB a control over- the level as ay speakii^ thea . 

N . ' > . 

That's why I eapb^ie the visual level at this point,' separated, froa the 

« 

auditory level, because I think there is a diffePence in teras of tbe control you 
can have over the level of processing. By the kinds of responae I aake, I can 
put ayself at a leVel pretty quietly. Then given you are "at that level, you 
could have tba' feedback fro« the phonological systM to these three, f6ur, five, 
or six visual contextual levels. BeseartMBr, I said attention -apparently can't get 
•t tfiM 4ivQ%lf. But there auat be som indirect way to do it. 



Tbaa presisably if the child can naae'lhe word. as he looks at it, it aay be , 
that that kln^ of naali« would help hia to aove up a level in tbe visual syste*. 
I doo»t have f«ots, but I would be encouraged to* try tbe following: When I 
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MDtad to taaota a child to begio to look at soae thing at a higher level, let*8 
say ortbographlc unita, 1 .vould not train hlB.on things which are cloae to it, 
Mhich 70U do vbao 70U are trying to do feature diacorery at an early perceptual 
lerel. I would try to get hia to naae it, hoping that this would feed back to 
the Tiaual lerels to codtrc^ the level of processing. So in identification or 
iimina you get bia to aay the whole thing, uaing soae thing that he knows already; 
or if yott are on ^be. phrase level, try to get hia to take in these big units. 
Find soM fsalliar phra^ he can speak, and then use the identification response 
to train the level in the yisual systea« 

That is speculation.^ \^ know there is a lot of research that needs to be 
dooe^-; -It ia coaplicated; you have to go through the forest in soo^^sort of 
• orderly way, and I tta suggesting this is one way to try to order it. . can see 
an experlMotal desi^ cosing out of that, can't 

OfeiSEB: I hope the experiaental desi^ you >ee cosing up is one in which you try 
to produce tbe best and aost serious possible training conditions, to follow the 
study lAere you didn*t ||et results by training. Seriously, there are a lot oif 
trainii^ coodit loos -that you haven* t tried. 

LaPCTGB? Tbat*s right. I will say what I Have tried it on ayself^as a subject. 
In t6e •a, CL, CL, a," and •LC, LC, LC and LC^^experiaent, 1 speak the letters 

t s 

to Byaelft but data do not com out the way you would expect ; But we haven't 
done that exteaaively, for I. say bis a bad subjept. 

LgSQOLD: Vbj are you talcing the experiment you have described aa really strong 
•vi4eooe for a lack of ability to switch levels. It seeas that in the 
sxperlMots tbat you amtioned, *Ht say even be optiaal to switch levels, 
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depending on bow long it takes to switch attention frcm one level of analysis to 
another, one ^gbt better )>ff ignoring the information. An experiment that 
^Igfat COM ^closer is one iris]which there was, say, two- or three-second warning, 
with an arrow poising at the t^. 

LaBERQE: Tbat*s exactly Uhat we have, two seconds* warnii^, 
LESGOLD: So the si^Ject knows then for sure? « 

7 

LaBERGE: Yes. 

BESIICK: U<mld your coMents still hold? 



LaSEBGE: lea, ay cowents bold but we haven't tested the llaits of it/j(ir?^ave 
tested within the saae kinds of boundaries* governing the cueing a person to get 
.ready for a pai*ticular pattehn or a particular operation. And within those 
aiaita 4^j^eing^ levels do not work. So thatJs why I say this is acre difficult 
tban ttte ordinary kind of cueii«. 

4 

POPP: It is interesting that all of your evidence coaes froa college students, 
tiid that perhaps the responses that appear to have been b6ilt up in the 
experimental^ altuati^ «ay already exist. To take your results and generalize to 
bow you^ would teach a beginning child, who is not already faailiar witl^ealir« 
with the a clusters the LC, say be risky. I wonder' if one way of relatii^ 
to the beginner would be to look for difTerences in specific clusters. For 
iasUsM, oo« mi§tkt, bypotbefelM tMt the saae-dlffereot dIscrlBloatloos of your 
a ▼•raus . LC My M gr^Ur tha^ the VB versus RD, because the RD .exists in the 

50 . 
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language of a final consonant cluster knd LC, la a rare final' cll^^r. 

'LaBBRQE: I vaa careful about that vheiTiie put it up, we didn't use RD. 

POPP:- Veil, there say be others. For instance, LS also occurs as a final 
cluster. My pdint is that tte college students already have been exposed to 
clusteps over a period of tise* To then say we cao*t train the's^all child to do 
it, seess to Be to be a l}U of a leap. 

LafiBRGE: 1 see what you aean. 

Did you say we can't train the child to switch, or to Bove up a level? 

LpaSEBGB: I stid that it is out of attentional control. If it is not dire<^ly 
conttvllable by tbe college student's attention, then 1 could hardly hope that it 
would be controllable in' a» direct way by tbe child. We h4ve run this standard 
ezperiaent on cbildreif and got ^ significant difference with early first graders. 

POPP: Early first gi»ader8? . ' * 

S 

LaBEBGE: Early first graders, apparently before they fomed units* But 1 think 
your point is well taken. Tbere is a leap there ^ bot 1 tried to take .you across 
tbat leap witb tbe use, hopefully, of clearly articulated theoretical notions. 

DA9KS: Tou aeea e d to iaiply tbat tbere is a single node for each letter, which is 
associated with pronunolations or the naae-. Ue sight need a separate node for 
tbe visual properties of a letter versus its nase because tbe naae is not I'^eally 
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used lo readiog for most part. I think it is better represented in Lee 

# 

Gregg*a'sodel, vbere be bad 'an alpba for a single node, and an A associated with 

c 

it. Maybe ve need two separate nodes, one with the visual properties and reading 
pronifflciations, but not letter naaes, and then a second node with the name of the 
letter, the alphabetic sort of thing. 



LaBERGE: Good point. In fact, it has been our intention ^to * separate letter 
naaes froa letter sounds, so jrou have two places it can go. That in itself 
requires a context node to detemine wbfch will opei*ate in a particular case. 

SOPPBS: Dave, could you say a little bit sore about the evidence that is in 

0 

favor of the two* level aodel? Because of the Way you described it, it isnH 
clear bow you would discriminate between thea. Indicate hdi|^you would 
discrilttiate between the two of tb«i. I realize that is a hard queslim^ 

LafiSHGE: I could sketch it very, very quicjdy to you. Thi^ ^^hn Petersen's 
dissertation. Vhat be did was to take .advantage of the pathway activation 
notioDS of Michael Posner*and Snyder, in which it is assumed that if you had^ 
presented a word to^a person, and the hierarchy model was true, then you would be 
activating the letters. Because anything that activates the word has to come 
tbrougb the letters. So these le/ters would be hot. / • 

But in tbe two* level model, wben you activate the word, you are not 
necessarily aqtivating tbe letters. So what tX did was the following: He showed 
tbe person a word like "golf,* sod if it was a word, he bad to get ready to see 
tbe word "four," if it was a nooword, be bad to get ready tq see "five." Okay? 
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Occasionally, following a word such at "golf," we would present to him 
anagrasa for ■atching, like "flog, flog," and occaaionally we^wduld give him 
thioga which bad no letters ip cd«»on, like "'read, read.* We said thaX, if the 
letters here are, activated when he sees tjie word "gelf," (which he aust decide is 
a word on the baala of the task we give hJji) then the anagraa "flog? is going to 
be faster than the c<Mitrol word, "read." If, on the other hand, -the letters are 
not being activated, when he sees^the word "golf,;: then the anagra* Vlog" will 
be seen as quickly. as "read." What we foutid, again and again, is that the latency 
to "flog, flog" is not significantly different frc« the latency .to' the control, 
"read, re^." ft is clearly different, indicating that the letters here are 
evidently not bjeing activated. « 

BESMICK: Can you show under some other condition that there is a difference 
between "flog*, nog" and "read, read?" . - . 

LafiERGE: Me have been tryli^ to do that. We tested the subject occasionally on 
letters, like two L's. What *we did though was bav^ a person scan the array 
looking for a letter. If a letter L is there, press the left button, if the 
letter D is in there, press the right button. Now he is looking for each one of 
the letters. What we get is an attenuation of this difference, but it. still 
occurs^ * 

Ha also give hi» noriworda. If a person sees four grapheaic things toget,her, 
lika^^t, wbatbar they are words or nonwords, evidently the college students, at 
leaat\ cbiak it, and If he chi«ka i^, then he tends to act according to, the 
two-lev«l aodel, so that be is not ccaiflig op tn^ougb the letters. 
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So irtiat'^^MS results indicate to us consistently^ is that word recognition 



dOMT lMt follow i hierarchical aodel in which letters eust first be processed . 
It se^M that words have their own eaergent^ features which forte the basis of 



recognition by fluent readers. 



CARROLL: How do you know there are features goaing through there? I understand 
your notion of ^t is happening at the word level, but how do you elctrap^iate 
that to get features? 



.LaBERGE: How do we get to- the features? He are saying here there are only . word 
features cooing throi^. Because reaeaber, here, the features are shared. Even 
tboij^ the features don't go throi«h the letter ifevel here, they still are shared 
with these levels; and if ^ese features of the letters were shared , it should 
Ijelp bis. So the features are part of the whole, as well as the letters ar<e part 

of the whole, in the most rigorous statement of that aodel. 

* 

PARIHAH-DIGGORI; Vbat would you predict for a beginning reader? 

LaBERGE: (JiBCuasion section indicates that aoMthing like j^his say be going 

' ~ ^ ^ ' . ; ^ ' ^ ' 

ot: Tb9 .beginning reader processes a word letter by letter, and indeed our* 

^^periMnts indicate that .the latency of recognition Is^a^unction of J.he length 

of the word. The Veader is processing letter by letter, and when t^ffre^-is a 

slope. Hbea there ia no slope you know he is chiAking. And of course » even^ if 

you give adults letter strings, not words, you will find a clear slopfe. He have 

olMT •trid«DM for tbat. . 

!: • 

(UBOff: I Juit obj#otad to your s tat want be will have chunked it. He didn't 
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chunk it, it ms chunked, he recognized the^ whole* word . 



LaBERGE: I aa sorry, yes. 



GREGG: You 



I Bean? 



LABERGE: ' Iherp la soaetbing I (Hm*t understand >t>orut it. 



dflEGG: -fllliere ia| soiethi-n^ about the way%pu express things that have the arrow 
Of tlBe going p^yilf^e vrpng di^ctlon. 

^ ■ ■ - ' ■ '• 
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